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The  experiments  reported  in  the  preceding  paper  had  indicated  that 
A ctinobacillus  muris  and  Brucella  bronchiseptica  were of no  direct  signifi- 
cance in  the  etiology of infectious catarrh,  the  disease  being maintained 
for many passages in their absence  (1).  Attempts to reproduce it by the 
nasal  instillation  of  other  bacteria  cultivable  from  the  middle  ears  and 
nasal passages or of Berkefeld N  filtrates of exudate were uniformly unsuc- 
cessful.  Up  to  the  fall  of  1935  the  cause  of the  condition  was  still  un- 
known.  At  this  time  methods were introduced which had  been  success- 
ful in working  out the  etiology of fowl coryza and which had led  to the 
isolation of the  small  Gram-negative  cells termed coccobacilliform bodies 
(2, 3).  The microscopic examination of exudates from infected rats yielded 
promising  results  which  were extended and  are  here  presented  in  detail. 
The Presence of Coccobacilliform  Bodies in Exudate Films 
Beginning with the  llth passage of the catarrhal syndrome small spher- 
ical or slightly elongated Gram-negative cells, provisionally termed cocco- 
bacilliform  bodies, were observed in 97 per cent of the middle ear exudate 
films from 73 rats with  otitis  and in 91 per cent of the nasal exudate films 
from 106 rats with rhinitis. 
The microscopic examination of exudate was continued from the llth passage  as a 
routine procedure.  Thin films were  prepared (using distilled water as a diluent if the 
exudate was particularly viscid), air-dried, and Gram-stained.  The entire Gram method 
was employed, with carbolfuchsin diluted 1:4 as the counterstain.  Although the cocco- 
bacilliform bodies were not deeply stained, they were well brought out by this technique 
and readily detected.  In arrangement they were sometimes extraceUular as discrete or 
loosely  grouped cells  (Figs.  1 and  2)  or intraceUular  in leucocytes and less  often in 
epithelial cells.  The intracellular position in leucocytes, which were numerous in most 
exuclates, was particularly characteristic, sufficiently  so to be regarded as diagnostic, 
as was also the case in infectious catarrh of the mouse.  The number of eoccobaciUiform 
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bodies per leucocyte varied from 2 to 12 or even more.  They were generally spherical 
and uniform in size.  In addition  to being present  in exudate from the middle ears and 
nasal passages, the specific bodies were observed in films from pneumonic lungs.  Their 
number in films from different loci varied considerably from rat to rat.  Occasionally a 
film was encountered  which required  prolonged examination  for their  detection.  More 
often, however, they were present  in large numbers, particularly in middle ear exudate, 
the examination  of one field being sufficient for identification.  Miscellaneous bacteria, 
chiefly Gram-positive cocci and Gram-negative bacilli, were generally observed in films 
from the  nasal  passages  but  were  rarely  present  in  any considerable  number.  The 
middle ear exudate often contained  only the coccobacilliform bodies. 
Cultivation  of the Coccobacilliform Bodies in Chick Embryo Medium 
The  first  microscopic detection  of  coccobacilliform bodies in  infectious 
catarrh of the rat was made at a  time when we were chiefly occupied with 
other work and for a  period of several years our observations were limited 
to periodic passages.  Finally, in the fall of 1938,  cultivation experiments 
were  begun  and  the  specific  bodies  were  isolated  and  successfully grown 
in a  tissue culture medium. 
The medium employed was the same as that earlier used in the isolation of the fowl 
coryza bodies and consisted of a  small volume of minced,  10 day chick embryo tissue 
suspended in 5 cc. of Tyrode's solution in a 15 ram. test tube.  Utilization  was made of 
the frequent  sterility  of the middle  ear exudate  with respect  to bacteria cultivable  in 
ordinary media, and inoculations were made directly  from the ear, without resorting  to 
filtration.  The exudate  was withdrawn  aseptically  either  by exposing the  tympanic 
cavity or by puncturing the external membrane with a capillary pipette.  Several tubes 
of the tissue  culture  medium  were inoculated  with small unmeasured  amounts of the 
exudate,  provided it showed only the specific bodies on microscopic examination,  and 
were incubated  at 37°C.  Cultures  were usually  made from all of the infected rats of a 
given passage at the same time.  A bacterial  growth was Sometimes obtained  in tissue 
cultures  from exudates  which appeared to be sterile  microscopically.  Many bacteria 
grew readily in this medium, producing a heavy turbidity after 24 hours, and contami- 
nated cultures  were easily eliminated  by inspection.  Tubes which showed no macro- 
scopic change or only a slight clouding of the supernatant were incubated for an additional 
48 hours  and a  daily  microscopic examination  was made.  A small  bit of tissue  was 
removed with a pipette,  spread on a slide, and Gram-stained.  If coccobacilliform bodies 
were present,  transfer  in the same medium  was continued.  In all,  12 isolations  were 
made,  10 from the middle ears and 2 from the lungs of infected rats. 
Nasal Instillation of the Coccobacilliform Bodies in Pure Culture 
The  essential  features  of infectious catarrh  were  reproduced in  normal 
rats by the intranasal injection of 7 different strains of the coccobacilliform 
bodies isolated from exudates and grown for a number of transfers in tissue 
cultures.  The  data  pertaining  to  these  experiments  are  summarized  in 
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otitis media and rhinitis, 62 and 71 per cent, respectively, compared favor- 
ably with those attendant on the injection of exudate. 
One of the strains used in these experiments was isolated from the bronchial exudate 
of a pneumonic lung and 6 from middle ear exudate.  The number of transfers, which 
were made semiweekly, varied from 3 to 13.  48 to 72 hours old tissue cultures which 
showed a good distribution of coccobacilliform bodies in stained films were used in pre- 
paring the suspensions.  The sedimented  tissue was removed from the culture, finely 
ground in a glass tissue grinder, and resuspended in 1.5 cc. of the supernatant from the 
same tube.  The suspensions were administered to young etherized rats  (2 to 4 months 
old) from the selected colony by placing about 10 drops in the nares.  The 5 rats used 
with each strain were held under observation for 4 to 6 weeks, killed, and examined. 
TABLE  I 





Source of strain 
Middle ear 
cc  ct 
c,  tc 
cc  c, 
,c  ~c 
Lung 
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Otitis  Rhinitis 
1  5 
3  5 
3  3 
4  3 
3  2 
4  4 
4  3 
22  25 




Aside from snuffling,  which was usually apparent by the end of the 2nd week, the 
injected  rats  appeared  normal.  At  autopsy  the  characteristic  manifestation  was  an 
inflammation  of the  middle  ears  and  nasal  passages.  Both loci usually  contained a 
copious exudate, stained films of which showed numerous leucocytes and coccobacilliform 
bodies  in varying numbers.  Snuffling  in  these  rats  was judged to be somewhat less 
conspicuous than in rats which had received a nasal instillation of exudate. 
Transmission of the Syndrome Produced by Pure Cultures of the 
Coccobacilliform Bodies 
By Nasal Instillation.--The catarrhal syndrome produced by one of the 
isolated strains of the coccobacilliform bodies was transmitted by the nasal 
instillation  of exudate  and  maintained  for  10  consecutive  passages.  The 
rates  of otitis  media,  rhinitis,  and pneumonia  in the 50 rats  used  in these 
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The first passage in this series was made with pooled exudate from the middle ear and 
nasal tract of a rat injected 6 weeks earlier with strain 4 of the cultures listed in Table I. 
Middle  ear  exudate from unilateral  or bilateral  cases  of otitis  was  subsequently  em- 
ployed.  The 5 rats used in each passage were killed and autopsied 4 to 5 weeks after 
injection.  Snuffling was observed in many of the infected rats and the chief manifesta- 
tion at autopsy was again an inflammation of the middle ears and nasal passages.  Cocco- 
bacilliform bodies were generally demonstrable in the exudate from both loci.  3 of the 
rats in passage 4 and 1 in passage 5 showed a fairly extensive involvement of the lung, 
from which Br. bronchiseptica  was isolated in pure  culture.  This bacterium  was not 
recovered from any of the other rats in this series. 
By Direct Contact.--The  results  of three  contact  experiments  in  which 
normal  rats  were  placed  in  the  same  cage  with  infected  ones  indicated 
that the catarrhal  syndrome was communicable by direct contact but sug- 
gested that persistent  rhinitis was a  prerequisite. 
In each of the first  two experiments  5 normal rats  were placed in contact with an 
infected  animal  which  showed  pronounced  snuffling.  The  infected  rats  had  been 
injected intranasally 3 weeks earlier with tissue culture suspensions of strains 3 and 7, 
respectively.  2  weeks after  contact was established  the originally infected rats  were 
removed and killed.  At autopsy both of them showed a  well defined inflammation of 
the nasal passages and also of the middle ear, coccobacilliform bodies being demonstrable 
in the accompanying exudates.  The 10 exposed rats were killed during the 4th or 5th 
week.  At autopsy 7 of them showed a unilateral or bilateral otitis, the incidence being 
comparable to that obtained on nasal instillation.  Rhinitis was observed in 6 of the rats, 
considerably lower than the expected rate but of questionable significance  in view of the 
few animals involved.  Coccobacilliform bodies were demonstrable in all of the involved 
loci.  There were no cases of pneumonia. 
The third experiment was conducted in the same way except that the infected rat 
did not  snuffle  and  at  autopsy 2  weeks later  showed an  inflammation  of the middle 
ears  but  not  of the  nasal  passages.  The  5  rats  which were  in  contact  with  it  were 
autopsied during the 5th week and were normal throughout. 
Biological Characteristics of the Coccobacilliform Bodies 
As previously stated,  the  small  Gram-negative  cells present  in exudates 
from  diseased  rats  were  provisionally  called  coccobacilliform  bodies  and 
classed with the infective agents of fowl coryza and mouse catarrh.  No sig- 
nificant  changes  were  observed  in  the  morphology of  these  cells  on  con- 
tinued  transfer  in  tissue  cultures.  To  date  this  medium  is  the  only one 
which  has  supported  their  growth,  cultivation  in  solid  or  fluid  nutrient 
media  enriched  with  blood  or serum  in  various  concentrations  being  uni- 
formly  unsuccessful.  Growth  was,  however,  maintained  in  the  cell-free 
supernatant  of tissue cultures,  indicating  that tissue  cells as such were not 
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The examination of tissue cultures was made by removing a  bit of the sedimented 
tissue and rubbing it over a  small area on a  glass slide.  The film was air-dried and 
Gram-stained without further fixation.  Using dilute carbolfuchsin as the  counterstain 
the  ceils were  well defined but  were not  deeply stained.  They  were  rarely demon- 
strable before the 2nd day and at times not until the 3rd day of incubation at 37°C. 
After the 3rd or 4th day autolytic changes were apparent.  A slight but distinct clouding 
of the supernatant was usually observed in cultures which showed microscopic evidence 
of growth.  It is not a  reliable growth indicator, however, as uninoculated tubes  may 
also become turbid on incubation.  The rat catarrh bodies exhibited a limited degree of 
pleomorphism, showing  a  greater variety of cellular elements  than  did the  infective 
agent of fowl coryza.  At 48  hours it was customary to find small uniformly stained 
spherical cells, slightly larger ring forms with a  central unstained area, short uniformly 
stained rods, short forms with a bipolar appearance, and small curved or spindle-shaped 
rods.  Scattered spherical or elongated particles may be present in uninoculated medium 
after  incubation,  making  the  identification of individual granules  uncertain  in  some 
cases.  Generally, however, the microscopic findings were not confused by these normal 
granules.  Most  of  the  cellular elements  were  small, ranging  downward  from  0.5#. 
A  few of the rods and larger spheres were up to lg or more.  Definite filaments were 
not  observed.  The  coccobacilliform bodies  were  sometimes  found  in  extracellular 
groupings and  within  disintegrating tissue  ceils, as  shown  in  Fig.  3,  but  were  more 
commonly  distributed somewhat  sparsely but  uniformly as  discrete  cells.  Fig.  4  is 
typical of the distribution and appearance of the cells in a 48 hour tisstte culture. 
Tissue  cultures  were  used  throughout  as  the  standard  medium  for  isolation and 
maintenance  of the  coccobacilliform bodies.  In  culturing exudates  horse blood agar 
(nutrient agar slants with 1 cc. of defibrinated horse blood at the base) was also used. 
Unless the exudates contained secondary bacteria this medium showed no evidence of 
growth either macroscopically or microscopically.  From time to time attempts were 
made to establish tissue culture growths of the specific bodies in other media.  A  48 
to  72  hours  old tissue  culture which  showed  a  good distribution of coccobacilliform 
bodies microscopically was weU shaken and 0.25  cc. of the supernatant transferred to 
the medium to be tested.  This tube was incubated for 72 hours with daily microscopic 
examination and  then  subcultured in  the same medium and also in  a  tissue culture. 
This process was continued for 3 or 4  transfers.  Tissue subcultures from the original 
growth were carried on in the same way.  Growth was demonstrable consecutively in 
all of the tissue cultures and also in the cell-free supernatant of that medium (about 4.5 
cc. of the supernatant removed from the uninoculated medium after incubation at 37°C. 
for 2 to 3 days and placed in sterile 15 nun.  tubes).  Coccobacilliform bodies were not 
directly detected in the supernatant  cultures but  growth occurred on  transfer to  the 
standard medium.  In three series of supernatant cultures growth was maintained for 
at least 5 generations. 
25 and 50 per cent horse serum broth in 1 cc. amounts at the base of slanted nutrient 
agar, or in 5 cc. amounts in  15 ram. tubes, and undiluted defibrinated horse blood at 
the  base  of  agar  slants  showed  no  microscopic evidence of  growth.  In  some  cases 
the coccobacilliform bodies introduced with the original inoculum survived, as indicated 
by a  growth in the tissue subcultures, but in no instance was there evidence of multi- 
plication,  subsequent  transfers  being  invariably sterile.  Attempts  to  cultivate  the 
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blood, horse blood serum, or chick tissue suspensions were also unsuccessful.  Six strains 
of the specific  bodies, two of them maintained for at least 25 tissue culture generations, 
were used in these experiments. 
DISCUSSION 
The experimental results here reported appear to justify the conclusion 
that  the small  Gram-negative cells which are regularly demonstrable in 
exudates from the rat are the cause of infectious catarrh.  Tissue culture 
growths  of  these  cells  reproduced  the  syndrome  qualitatively  on  nasal 
instillation in normal rats.  The disease was also maintained in series by 
the nasal passage of exudate and was transmitted by direct contact.  The 
rats used in this work were from a selected colony in which the rate of otifis 
media under natural conditions was about 2.5  per cent.  After the nasal 
injection of tissue culture growths of the specific cells the otitis rate was 62 
per cent, quantitatively comparable to that in the exudate passage series 
(63 per cent).  The rhinitis rates, 71 and 70 per cent, respectively, in  the 
rats injected with tissue culture suspensions and those infected by contact 
were lower than the expected rate  (86 per cent in the preceding exudate 
passage series).  Coincident with the reduced rate was a  decrease in the 
number of rats which showed the specific cells in the nasal passages and also 
a  decrease in snuffling.  Culture growths of these cells appear to survive 
for a  shorter period in the nasal passages of the rat  than those injected 
in  the presence of exudate.  They may, however, persist  in  the middle 
ears  for  a  considerable period  after  their  disappearance  from the  nasal 
passages.  A  similar observation was made in connection with the infec- 
tious catarrh of mice (4).  Survival of the specific bodies in the nasal tract 
may be  influenced by  the  addition  of secondary bacteria or  of growth- 
promoting substances present in the exudate.  The fact that the rates of 
rhinitis in the two exudate passage series were comparable, 86 and 87 per 
cent, respectively, lends support to this view. 
On the basis of their similar cultural behavior as well as the essentially 
similar reaction produced by them in their respective hosts, we have grouped 
together the infective agents of fowl coryza, mouse catarrh, and rat catarrh. 
Although there is  little  doubt  that  they are  properly classified with the 
bacteria, we prefer at present to  retain the original  descriptive name of 
coccobacilliform body for them.  In morphology, while the  three agents 
bear a  general resemblance to each other, those of mouse and  rat catarrh 
show a  greater variety of component forms, both in  tissue  cultures and 
in exudates, than the fowl coryza bodies. 
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coccobacilliform bodies, particularly those of mouse and rat catarrh, and 
the  organisms of  the  pleuropneumonia group.  The  small  forms  of  the 
pleuropneumonia organism shown in  the excellent figures of Ledingham 
(5) are indistinguishable from the components of the rodent coccobacilliform 
bodies.  Large forms analogous to the globules and filaments of the pleuro- 
pneumonia  organisms  have  never  been  demonstrated  in  our  material. 
There are other dissimilar  characteristics which at present preclude the 
allocation of the  coccobacilliform bodies in  the pleuropneumonia group. 
Klieneberger (6) has recently presented a critical review of this group in- 
cluding Asterococcus canis of Schoetensack, the various sewage organisms of 
the type described by Laidlaw and Elford, and the pleuropneumonia-like or 
L  organisms isolated by her and others from Streptobacillus  moniliformis 
cultures and from rats, mice, and guinea pigs.  All of these organisms are 
cultivable in fluid nutrient media, blood or serum usually being an essential 
factor, and all of them colonize  on appropriate solid  media.  Up to  the 
present we have had little success in growing the coccobacilliform bodies 
in any fluid medium other than tissue cultures and no success in growing 
them on solid  media.  The coccobacilliform bodies also  appear to differ 
from the  pleuropneumonia organisms in  their  tinctorial  affinities.  The 
former are  reasonably well  defined by  the  Gram  method,  using  dilute 
carbolfuchsin as the counterstain, whereas the latter according to Kliene- 
berger have little affinity  for the usual aniline dyes. 
The resemblance of the rat and mouse catarrh bodies in morphology was 
not so closely reflected in the reaction produced by them in their respective 
hosts.  The syndrome in the rat was more like fowl coryza, being benign, 
ultimately attended by  recovery, and  limited in  extent.  Although the 
general manifestations of mouse catarrh were similar it was invariably fatal 
and was further characterized by a high rate of pneumonia.  A pulmonary 
reaction was also encountered in rats injected with pure cultures of the rat 
catarrh bodies or with exudates containing them but the rate was low.  In 
addition the specific bodies were also demonstrable in films from pneumonic 
lungs  and  were  occasionally isolated  from  them in  pure  culture.  The 
relation of the coccobacilliform agent to these pulmonary lesions in experi- 
mental rats is made uncertain by the occasional presence of similar lesions 
in young uninjected rats, it being previously noted that pneumonia in the 
absence of catarrhal manifestations is endemic in the selected colony (1). 
This endemic pneumonia, which is  definitely correlated with age,  is pre- 
sumably the  form recently studied  by  Klieneberger and  Steabben  (7). 
Pleuropneumonia-like organisms of  the  L3  type were  regularly isolated 
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ones.  Although they were unable to reproduce the pneumonia by injection 
of the L3 organism in pure  culture,  Klieneberger and  Steabben believe it 
to be of etiological significance.  It is an odd coincidence that the respiratory 
tract  of  the  rat  harbors  three  cellular  entities  which  show  similar  and 
distinctive  morphological  components,  namely,  the  L1  and  L3  pleuro- 
pneumonia organisms and the coccobacilliform bodies. 
SUMMARY 
Evidence is presented that infectious  catarrh of the rat is caused by 
Gram-negative coccobacilliform bodies which resemble the agents of fowl 
coryza and mouse catarrh. 
These bodies were demonstrable microscopically in at least  90 per cent 
of the exudates from the nasal passages and middle ears.  The character- 
istic  syndrome was reproduced in selected  rats  by the nasal instillation  of 
pure tissue  culture  growths and was maintained for 10 successive  passages 
by the injection of exudate.  The experimentally  produced disease was 
also communicable by direct  contact. 
The biological  characteristics  of the specific  bodies are discussed in rela- 
tion  to  the  organisms of  the pleuropneumonia group. 
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EXPLANATION OF PLATE 22 
FIo.  1.  Discrete extracellular  coccobacilliform bodies in middle  ear exudate,  Gram 
stain.  ×  1370. 
FI6. 2.  Extracellular  group of coccobacilliform bodies in middle ear exudate,  Gram 
stain.  ×  1560. 
FIG.  3.  Coccobacilliform bodies  in cells  from a  48  hours  old tissue  culture,  Gram 
stain.  ×  1560. 
FIG. 4.  Extracellular  coccobacilliform bodies in a  48 hours old tissue culture,  Gram 
stain.  ×  1560. THE JOURNAL OF  EXPERIMENTAL MEDICINE VOL.  72  PLATE 22 
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